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Abstract

In recent years, the intrinsic metrics have been formulated on the classical fractals. In par-
ticular, Sierpinski-like triangles such as equilateral, isosceles, scalene, added and mod—3
Sierpinski triangle have been considered in many different studies. The intrinsic metrics
can be defined in different ways. One of the methods applied to obtain the intrinsic metric
formulas is to use the code representations of the points on these self-similar sets. To de-
fine the intrinsic metrics via the code representations of the points on fractals makes also
possible to investigate different geometrical, topological properties and geodesics of these
sets. In this paper, we investigate some circles and closed sets of the added Sierpinski
triangle and express them as the code sets by using its intrinsic metric.
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1. Introduction

Fractals are interesting and fascinating shapes with the models such as Cantor set, Sier-
pinski triangle, Menger sponge, Mandelbrot set and Julia sets ([6,9,10]). Apart from many
different features, these structures have a common feature like the self-similarity. Many
properties of these sets have been investigated from every aspect for years. Especially the
Sierpinski triangle, S, has been considered as a fundamental model in various studies. In
recent years, studies in which the intrinsic metric is formulated on this fractal come to
the fore. As seen in [7,8,11-14,19], there are different ways to formulate this metric. To
define the intrinsic metrics by using the code representations of the points on self-similar
sets satisfies some advantages while determining geodesics or investigating geometrical
and topological features of these sets (for details see [14-17]). Moreover, the intrinsic
metrics are used in many studies obtained the chaotic dynamical systems on fractals such
as Sierpinski triangle, Box fractal, Sierpinski propeller and Sierpinski tetrahedron (see
[1-4,18]).
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Throughout this paper, we are interested in the added Sierpinski triangle, S, which can
be obtained as the attractor of the iterated function system {R?; fo, f1, f2, f3} where

pley) = (45840,
Iy = (5.3):

R = (555)
Py = (G410,

In [20], the intrinsic metric is formulated on S via the code representations of the points.
Note that it is much more complicated to formulate the intrinsic metric on S compared
to S (for the details see [14] and [20]). So, the computations of many interesting code
sets of S can be difficult. Moreover, the intrinsic metric on the added Sierpinski triangle
has a special importance since it is the first formula expressed using code representations
of points on a fractal, which is the attractor of an iterated function system with different
contraction coefficients. In addition, there are very few studies on this fractal in the
literature (see [5,20]). That is why it is worthwhile to explore different code sets.

This paper presents some closed sets and circles with the code sets. For this aim, we

consider the intrinsic metric defined on S and compute these code sets by using the metric
formulas and the code representations of the points on S. We obtain some closed sets
and circles with code sets and only give the proofs of Proposition 2.3 and Proposition
2.5. Different cases, such as Example 2.7 and 2.8 with Corollary 2.4, 2.6, can be similarly
proven. In addition, we illustrate them in Figure 2, 3, 4, 5, 6, 7, 8, 9.
The intrinsic metric formula on the added Sierpinski triangle: We want to briefly
recall the intrinsic metric defined on the added Sierpinski triangle owing to the fact that it
is too long to construct the intrinsic metric formula on (for the details such as coding and
geometric interpretation see [20]). By the associated iterated function system, the code
representations of the points on the added Sierpinski triangle is obtained as follows:

Let 0 = aq1a9...a5— landfg(~)—§ where a; € {0,1,2,3} for i = 0,1,2,...,k — 1.
The middle part, the left-bottom part, the right-bottom and the upper parts of S are

expressed by fo(S5) = So0, f1(S5) = So1, fo(Ss) = Sp2 and f3(S,) = Sy3 respectively.
Consequently, we have

go = SO'O ) Sv(fl U §0'2 U 503
(see Figure 1).
The sub-added triangles of S have the nested set sequence relation such that

S 2 Sal ) Sa1a2 2 Sa1a2a3 e 2 Salagag...ak ceee

As a result of Cantor intersection theorem, Np—; S’alawgmak gives an unique point A on S
and ajasas...ayg ... is called as the code representation of the point A.

Let the code representations of the points A and B on S be ajas . . . Qf—10kAk+1 - - - and
biba...bg—1bgbg+1 - . . respectively, where a;, b; € {0,1,2,3}. Assume that k = min{i | a; #
b;} and 0 = ajasy...ax—1 and the number of elements of the set {i | a; = b; = 0,7 < k} is
t. Suppose also that

M = {i—i—l|ai:0,i>k}:{m1,m2,m3,...}
L = {i+1]|b;=0,i>k}={l,la13,...}

where mi <mo <mg <...and [ <lp <lg<....
The intrinsic metric is formulated in [20] as follows:
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Figure 1. The sub-added Sierpinski triangle

Theorem 1.1. Let ajay...ax—1050k+1-.. and biby ... bg_1bpbr11 ... be two representa-
tions respectively of the points A and B on the added Sierpinski triangle such that a; = b;
fori=1,2,....k—1 and ay, # by and a;,b; € {0,1,2,3}. If ay, # 0 # by, then the intrinsic

metric between the points A and B is formulated as

1
d(A,B) = min{ A+ B, ST + A+ B, SEriT T A"+ B”} (1.1)
and if ap # 0, by =0, then this formula is obtained as
d(A, B) = min {A” + 5B e + A+ B’ SETRT + A+ e} (1.2)

In the following, we give A, A’ A", B, B, B" € (for details see [20]):
o Let ap # 0 # bg.

a; (67} %
A= Z 2+t 9 Z 9itt + or Z i+t + (1.3)
i=k+1 i= i=my
l1 1 ,8 l2 1 1 lp+1 1 /6
(] K3
B= Z T T 5 Z H—t + op Z i (1.4)
2 2 w s
i=k+1 =l i=lp
m1—1 mao—1 myr+1—1
/ i 1 Vi 1 i
A= Qi+t + 2 Qi+t Tt or Z Qi+t + (1.5)
i=k+1 i=m i=m,
RIS § 1 et g,
r_
B = Z 2i+t+52ﬁ+'”+?p Z 2z‘+t+"' (1.6)
i=k+1 i=l i=lp
where ay, # ¢ # by for ¢ € {1,2,3} and
_J 0 a=c 5 — 0, bi=cg
i L, a; #ck ’ L bi#co
. 0, a; = bk o 0, bi = ag
az_{l, a; # by ﬁl_{l, bi # ax

For the computation of A” (B” is computed similarly), there are three cases:
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i) Let ap41 #ar and apq1 # 0. For a, # agy1, a, # ap and a, # 0,

mi—1 mg 1 1 myy1—1 oi
n_ i
AT = - 221+t7L Z 2z+t '+§ Z 21’+t+"' (1.7)
1=k—+ =My
where
0 = 0, a;=ay,
¢ 1, otherwise.

ii) Suppose that ag1 = 0. For
r = min{i | a; #0, a; # ag, ¢ > k+2},

1 1 mo—1 ©; 1 maz—1 ©; 1 myy1—1 i
" i i i
A= 9k+t-+2 + 9 Qi+t + 22 Z Qi+t ot or Z 9i+t +oe (1.8)
i=k+2 i=ma i=m,
where
_J 0, ai=ay
vi = 1, otherwise.

Note that, we obtain ¢p; =1 fori =k +2,k+3,k+4,...if
{i]a;#0, ai # ag, i > k+2} =0.
iii) a) Let ay =agps1 =+ =as—1 #as #0 (s > k+1). We define
r = min{i | a; #0, a; # ag, > s}.

In this case, we obtain

0, a; =a,
i :{ 1, otherwise
for i # s and s =0 for ¢ = s. If
{ila; #0, a;#ar, 1i>s}=1>0,
then we also get p; =1 for i # s and ps = 0 for i = s.

b) Let ay = agy1 =---=as—1 and as=0 (s> k-+1). In this case, we get
o Oa a; = Qp
vi = 1, otherwise

1
fori;«ésandcpszifori:swherer:min{i|ai750, a; # ag, i > k+ 2}.
If

{Z|al7é05 ai#ak’ 22k+2}:®’

1
then we obtain ¢; = 1 for i # s and s = = for i = s.

c) fap=aps1=---=a;=---,thenp; =1fori=k+2,k+3,k+4,...
1 mi1—1 1 mo—1 ©; 1 Mpy1—1 i
"_ i i
A T okHtHl T Z 21+t +35 92 Qi+t +ooot or Z i+t +oee (1.9)
i=k+2 i=m1 i=m

e Let ap #0, by =0.

-1 3; 1 =1 1 lpy1—-1 8;
K2 (]
B= Z 9itt +35 Z 2z+t et or Z i+t o (1.10)
i=k+1 i=l i=lp
l1—1 la—1 lpr1—1
0; 1 0; 1 3;
!/ i 7 7
B= > gty gmt Ty 2 mmt (1.11)

i=k+1 i=l i=lp
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l1—1 / 12 1 lpy1—-1
1 B B 1 B
€= 5( Z Qi+t +35 Z 21+t 2p Z Qi+t +) (1.12)
i=k+1 1=l i=lp
where
— 07 bl = Qg
fi= { L, bi#Fag '’
5: — 0, bl = Ck
L L, b; 7£ ek

o 07 bl :b;g
o= { 1, b #b
and ¢, # ay, for ¢, € {1,2,3} and b} # ag, b), # ¢, and b}, € {1,2,3}.

2. Some code sets of the added Sierpinski triangle

In this section, we give the code sets of some circles and closed discs of the added
Sierpinski triangle and then we illustrate them. First of all, we give a few lemmas that we
use them to prove some of propositions in the present paper.

Lemma 2.1. Let A be a vertex point and B be any point of S, and suppose that the
code representations of these points are capaiay . .. and obibgy1bk1o . .. respectively, where
ar € {1,2,3} and b; € {0,1,2,3} fori e {k,k+1,k+2,...}.

a) If by # 0, then d(A,B) = A+ B.

1
b) If by =0, then d(A,B) = A" + 53
For the details of the proof see Lemma 3.5 in [20].

Lemma 2.2. Let A be an arbitrary point ofg whose code representation is cagap+10k+2 - - -
for a; € {0,1,2,3} and ar # 0. Suppose also that c000... is the code representation of
Oy € Sy. In this case, we get

d(A,0,) = A" + %B.

Proof. 1If the formulas given in (1.10), (1.11) and (1.12) are used, then the following
equalities are obviously obtained:

1 1_, 1 1 1 1 1
53 - 53 =C = B (2k+t+1 ok+t+2 + 92 9k+t+3 + >

1
2
1 1 1 1 1
2k+t+2(1+4+42+@+'”):3.2k+t'

Furthermore, even if p; = 1 for i = k+ 2,k + 3,k + 4,..., for Case (i) and (ii), the
maximum value of A" is calculated as
1 1 1 1 1

" __ _
AT = oh+t+2 T okters T gkterd T okrers T T ok

and we then get

1 1
" ' ' "
A"+ B§2k+t+1+‘A+ B and A"+ B<2k+t+1+ﬂ+€

A similar situation is also valid for Case (iii). Therefore, the proof is completed. O
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Proposition 2.3. Let P, Q and R be vertices 0f§ with the code representations 111..., 222. ..

and 333 ... respectively. In this case, circles with radii 5 (n=1,2,3,...) centered at

n—1
P,Q, R are determined by the following code sets:

1 .
S(P.gimp) = {111 den@npaznga . ongi € {2,316 = 0,1,2,3,...),
1

S(Q, W> = {222... 220020 i1%n4a ... |Tnis € {1,3},i=0,1,2,3,...},
1 .
S(R. o) = {333 3aawniazare. . Jeari € {1,2),i = 0,1,2,3,...}.

Proof. We know that the only code representation of P is 111.... Let us investigate
the code representations of X € S such as z1z2... 2y 12p%ny1 ... for z; € {0,1,2,3}

satisfying d(X,111...) = The first n — 2 terms of X and P must be exactly equal

n—1"
to each other. That is, it must be z; = 1 for ¢ = 1,2,3,...,n — 2. Note that if x,_o
(similarly, z; for i = 1,2,...,n — 1) were not 1, then
o (o]
Bi 1 1 1 1 1
i=n—1 i=n—1

and d(X, P) would be greater than or equal to 27},2. We thus obtain the code representa-

tion of X as the form

111. . 1z 1 Zn Ty - - - -

Note that, to compute d(X, P) we use the formulas given in Lemma 2.1 owing to the fact
that P is a vertex point.

o Ifx, 1 €{2,3andz; =1 (n>2)fori=1,2,...,n—2, then it is computed that

o0 o0
B; 11 1 1 1
=n =n
Therefore, we get
o0 o0
o; + B; Q; 1 1
dX, L) =) == 5+ 507 = gum (2.3)
i=n i=n
and it must be
00 i
25 =0
=n

This shows that z; =1 fort = n,n+1,n+2, ..., that is the code representation of X € S
that satisfies Equation (2.3) must be one of the elements of the set

{111...12111...,111...13111...}.
o Ifx, €{2,3}and x; =1 fori=1,2,3,...,n — 1, then we have

(o] o
Bi 1 1 1 1 1
B= Z ?Z Z §:2n+l+2n+2+2n+3+”':27n' (2'4)
i=n+1 i=n+1
In this way, we obtain
o0 o0
o; + B; Q; 1 1
dX, 111 ) = ) T 5 T 3n = g (2.5)
i=n-+1 i=n+1
and it follows that
o0
(673 . 1
2 on
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This is possible in the case of z; # 1 fori =n+1,n+2,n+3,.... It means that the code
representations of X are the elements of the set

{111.. 1zpzpi1Tpta. .. |2 €{2,3}i=n,n+1,n+2,...}.
e Ifzx, 1=0and z; =1 (n>2)fori=1,2,3,...,n— 2, then the formula
1
d(X,111...) = A" + 53
must be used. Since the code representations of P and X are

111...111...

and
111... 10zp2ptr1Tn42 - - -

respectively, we compute

1 1 1

1 =1 1
A= — —=—
(see Theorem 1.1 (iii-c)) and thus we get

1 1

1 1
"
Therefore, it must be B = 0. This happens in the case of z; = 1 for i = n,n + 1,n +
2,n+ 3,.... As a result, one of the code representations of the point X that provides
I
d(X,111...) = o1 18 111...10111....
e Ifz,=0andz; =1 (n>2)fori=1,2,3,...,n— 1, then we compute
1 =1 1 1 1 1
" __ _ _
A _W"" Z 9i — 2n+1+2n+2+ 2n+3+"'_§' (2.8)
i=n+2
This shows that
1 1 1 1
dX,111..)=A"+-B=—+-B = . 2.9
( ’ ) + 2 on + 2 on—1 ( )

It means that B =

Evenifx; #1fori=n,n+1,n+2,..., it is impossible

on—1"
to satisfy the following equation:
- 1 1
Z 90 on—1"

i=n+1

Note that the points whose code representations are 11...1011...,11...1211...,111...1311...
have different code representations suchas 11...11233...,11...11222...,111...11333...
respectively.

It follows that the code representations 11...1011...,11...1211...and 111...1311...
are the elements of the set

{111...z2pzpi1Tnt2 ... |Tny €{2,3},1=10,1,2,...}.
Consequently, we obtain
1
on—1

The other cases are done in a similar way and thus the proof is completed (see Figure 2).
O

5(111 o ) = {111.. . 1ZpZns1Zns2 - - |[Tngi € {2,3}, =0,1,2,...}.
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V-

Figure 2. The circles with radii 2,%1 forn = 1,2, 3,4 centered at P, R, () respec-
tively.

Corollary 2.4. Let P, and R be vertices of§ with code representations 111..., 222...
and 333 ... respectively. In this case, closed discs with radit 2%1 (n=1,2,3,...) centered
at P,Q, R are determined by the following code sets:

1 .
D(P, W> = {111.. . 12y Zni1Znsa .. . [Tnis € {0,1,2,3},i=0,1,2,3,...},
1 .
D(Q, W) ={222... 22, 2p1Tnsa . . |Tnsi € {0,1,2,3},i=0,1,2,3,...},
1 .
D(R, W) = {333...320Zns1Tns2 .. |Tnsi € {0,1,2,3},i =0,1,2,3,...}
(see Figure 3).

Figure 3. The closed discs with radii 2,1%1 for n = 1,2, 3,4 centered at P respec-
tively.

Proposition 2.5. Let O, be a point of 5, whose code representation is c000.... In this
case, circles with radii W + ﬁ centered at O, are obtained as follows:
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i) Forn =0,
1 1
S(OU,WJFW) = {ol11...,0222...,0333...}.
ii) Forn=1 and xy # xp11 and v # 0 # Tpiq,
1 1 .
S(Oo’, SR+ + 3 2k+t) = {ka$k+1$k+2xk+3 A ‘mk‘—I—i S {a:k,qu+1},z =2,3,.. }

U{oxp0xgzy .. .| xx # 0}.
iii) Forn =2,3,4,... and xy # 41,0 # 0 # 21 and v, # T, T,y # Ty 1 T # 0,

1 1

S(0e: grrmat

Proof. Suppose that
X = 0TpTr41Tk42 - - -,
O, = 0000...000...,

where xj # 0.

Firstly, let us determine the code representations of the points on circle with radii
ﬁ + ﬁ centered at O, for n = 0. The length of the shortest paths between points
X and O, must be calculated from Lemma 2.2 with the formula

1
d(X, Oo-) == .A,/ + 53

Obviously, we compute

1fB 1 1 1 1 1 1 1 1
D D) 2k+t+1+§2k+t+2+272k+t+3+§2k+t+4+"'
I SO SN 1
= W +1+E+E+... = W
and
1 1 1 1
—aqn _aqn _
d(X,05) = A"+ 3B =4 Ty gk T ek g gk
we thus get
" __ 1
o ottk’

It is impossible to satisfy this equation by using the Cases (i) and (i7) given in Theorem
1.1. This equality is only provided with the Case (ii7) given in Theorem 1.1. That is, it is

possible with ¢; = 1 fori = k, k+1,k+2,... and thus weobtain xy = x4 = - =2, = - -
for x; € {1,2,3} where i = k,k+ 1,k +2,.... As a result, we compute
1 1
5(0,., 7+ W> = {o111...,0222...,0333...} = {P,,Qu, Ry }.

Assume that n = 1. We now determine the code set for the circles with radii 2t+++1 +
W centered at O,. With calculations similar to the above, we get

1

" __
AT = ot+k+1"

(2.10)

To satisfy Equation (2.10), firstly we can use Case (). It is possible with M = ) and
p; =1fori=k+2,k+3,k+4,.... That is, it must be xp # 11, 2rr1 # 0 where
ry # 0, xy # x;, and xy, # x, ;. This requires to be x; # z, for i = k+2,k+3,.... It
means that the code representations of X are the elements of the set

{oxpTp1Thg2Thigs . [Tk # 0 # Tpg1, The # Thg1, Thai € {2k, T },1 = 2,3,.. .}

W) = {0TkTh 1Ty - - TpT g1 Thnt2 - - - | Thnti € 1Tk Thyr 1,0 =1,2,...}.
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To satisfy Equation (2.10), we can also use Case (i¢). Assume that zp1; = 0. It is
possible with M = {k+2} and ¢; =1 for i = k+2,k+ 3,k +4,.... This requires z; = z;,
fort=k—+2,k+3,.... This shows that the code representations of X are the elements of
the set

{ox 0z ... |z € {1,2,3}}.

We now use Case (iti — a) to satisfy Equation (2.10) (Note that it is impossible to
satisfy Equation (2.10) by using Cases (i — b) and (iii — ¢)). For this, it must be ¢; =0
for i = k+2,k+3,k+4,.... Therefore, we obtain either (z; = x4+ and z; = x5 for
i =k+3,k+4,... where 19 # xp and xp4o # 0) or (vx = x4 and z; = xp 3 for
i =k+4,k+5,... where x4 3 # Tpi2, i3 # Tk, Thy3 7 0,Tp12 # T and T2 # 0).
Consequently, the code representations of X are either the elements of the set

{orprpaproTproTiqe - - |Th, Tpyo € {1,2,3}, 21 # Tpyo}
or

{oT 2R T 12Tk 3Tk 4 3Tk13 - - - |Th, T2, Ty yg € {1,2, 3} are different from each other}
respectively. Note that, the elements of these sets have different code representations as
follows:

{oxprp 0wy - o o |k, Tpyn € {1,2,3}, 08 # Tpya)
and
{ozi0x )] T) - . ) # O}

respectively.
As a consequence, we get

1 1 .
S(Og, W‘Fw) = {O’.fL'le‘k+1l’k;+2£L’k+3 PN |1L‘k # Th+15 LTh+4 € {l’k;, IL‘k+1}, 1= 2, 3, . }
U{O’.%'ko.%'kl'k - ’ Tp # 0}
where xj # 0 # xp4q for n = 1.
Finally, we will show the code set of the circles with radii 2n+++k + ﬁ centered at

1
O, for n =2,3,4,.... Since we compute 53 as 327@ in the same way, we have
A = 1 (2.11)
T ott+k+n’ :
R,
~ Scrs
So’ .

A
A foi

502 .

pP* ‘0

T

Figure 4. The circles with radii ﬁ + Ti‘*" for n =0,1,2,3 centered at O,.
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To compute A” for n > 2, we can’t use Case (iii) due to the fact that there is Q,J%H in
Formula (1.9).

To satisfy Equation (2.11), we can use Case (7). It is possible with ¢g4; = 0 for
i=2,3,4,...,nand ppy; =1fori=n+1,n+2,.... To be clear, it must be z # zp41,
Tpy1 # 0, o # 2, # Ty and x, # 0. That requires to be x; = z, for i = k + 2,k +
3,...,k+mnand z; € {xg, 2541} fori=k+n+1,k+n+2,.... It means that the code
representations of X are the elements of the set

G = {0212y - - TpThgnt1Thint2 - - - | Thpi € {Tps T fri=n+1,n+2,...}.
For n > 3, Equation (2.11) is also satisfied while pg; = 0 for i = 2,3,4,...,n —
IL,n+1,n+2,... and ¢4y, = 1. In this case, it must be x4, # z, and xp4; = x, for

1=2,3,4,...,.n—1,n+1,n+2,.... Obviously, the code representations of these points
are of the form

O |41y« + - LpyLle4nTplpLyy - - -
which are the elements of the set G (that is, different code representations of the same
points).

Note that, to satisfy Equation (2.11), we can also use Case (i7) for n = 2. If z44; =0,
then it is possible with ¢; =0 for i = k+2,k+ 3,k +4,.... This requires 0 # x; # x}, for
t=k+2,k+3,... and xp19 = Tx413 = Tpyrq = ---. It means that the code representation
of X is the element of the set

{oxp0xp1oxptoThya . .. |Thyo # z), The2 € {1,2,3}}.
Furthermore, the elements of this set are different code representations of the same
points in GG. As a result, we obtain

1 1 .
S(Oo—, 2t+k+n+3_2k+t) = {0TkTE 1Ty - TPl 1Tn42 - - - | Thgnti € {Th, Tp1 1 =1,2,...}
where zy # Tpy1, 2 # 0 # 1 and vy # xp, Ty F 2y g, vy # 0, for n=2,3,4,... (see
Figure 4).
Therefore, the proof is completed. ]

Corollary 2.6. Let O, be a point Ofg with the code representation o000 . ... In this case,
the code sets of closed discs with radii W + ﬁ centered at Oy can be expressed as
follows: '

i) Forn =0,
1 1 . S
D(Og, W + W) = {ka$k+1$k+2xk+3 cen ]mk_H- € {0, 1, 2, 3}, 1= 0, 1, 2, .. } = Sg.
ii) Forn =1 and zy # x4 if v € {1,2,3},
1 1

D(Oaa ot + 3.2k+t) = {oxprpi1TK12TK43 - - |2 € {0,1,2,3},i=0,1,2,...}.
iii) Forn=2,3,4,... and o # Tp41, Tp # Ty, Tp F Ty yq, Ty # 0,
1 1
D(Oa’, 2t+k+n + 3'2k+t> ==
{oxpaprizy . pThynt1Zhant2 - |Th # 0 # Thy1, Thants €{0,1,2,3}, 1=1,2,...}
U {00xpi1TkroTkts .- |2k € {0,1,2,3},i=1,2,3,...}

(see Figure 5).

By making similar calculations, circles and closed disks with different centers and radii
can be obtained. For the diversity, we will give some specific examples and show the
obtained sets on the graphs without proofs.



Ezxpression of some code sets of S 141

Figure 5. The closed discs with radii W%Jrk + 32%“ for n = 0,1,2,3 centered
at O,.

Example 2.7. Let A be a point of S , whose code representation is 0111.... In this case,
the circles with radii 2% for n = 1,2,3... centered at A are determined by the following

code sets:
i) For n =1,
{30333...,31333...,111...,21222...,20222...}
U{z1x0232425 . .. |T; € {2,3},i=1,2,3,... and z1 # z2}.
ii) For n = 2,
{10111...} U{13zgxszxs ... |z; € {1,3},i=3,4,5,...}
U{12z3z42s5 ... |x; € {1,2},i=3,4,5,...} U{0x2 z3zazs ... |x; € {2,3},i=2,3,4,...}.
iii) For n = 3,4,5,...,

{1323...2pZpq1...|xs =2,i=3,4,...,nand z; € {1,3},j=n+1,n+2,...}
U{12z3... 2pTps1 ... J2; =3,i=3,4,5,...,nand z; € {1,2},j=n+1,n+2,n+3,...}
U{0lzs...2pxpi1...J2s =1,i=3,4,5,...,nand z; € {2,3},j=n+1,n+2,n+3,...}
(see Figure 6).

Example 2.8. Let A be a point of S, whose code representation is 0111.... In this
case, the closed discs with radii 2% forn=1,2,3... centered at A are determined by the

following code sets:

i) For n =1,
{12973 ...|2; €{0,1,2,3},9=1,2,3,... and 1 ¢ {2,3} for z1 = z2}.
ii) For n = 2,

{0:L’2$3SU4 R ‘ x; € {0, 1,2, 3},i =2,3,4,.. .}U{10x3x4$5 e \xl € {0, 1,2, 3},i =3,4,5,.. .}U
{121’3:64%5 .. |:ZZZ S {O, 1,2, 3},i =3,4,5,.. .}U{13m3:c4x5 .. |:ZZZ S {O, 1,2, 3},i =3,4,5,.. }
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AAA

Figure 6. The circles with radii 2% for n =1,2,3,4 centered at 0111.. ..

iii) For n = 3,4,5,...,
{1323...2pZpg1 ... |2 =2,i=3,4,...,nand z; € {0,1,2,3},j=n+1,n+2,...}
U{12z3... 2pTps1 ... J2s =3,i=3,4,5,...,nand z; € {0,1,2,3},j = n+1,n+2,n+3,...}

U{0lzs...zpzpq1...Jx; =1,i=3,4,5,...,nand z; € {0,1,2,3},j = n+1,n+2,n+3,...}
(see FigureT).

Figure 7. The closed discs with radii 2% for n = 1,2, 3,4 centered at 0111...

In the following, to increase the number of different examples we only give two figures
without defining code sets. Figure 8 and Figure 9 show the circles and closed discs with
radii W centered at the point with code representation ¢01222... for n = 0,1, 2, 3,
respectively.
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2, L0 65

Figure 8. The circles with radii ﬂ%ﬁ for n = 0,1,2,3 centered at the point
with code representation ¢01222.. ..

Figure 9. The closed discs with radii 57775 n = 0,1,2,3 centered at the point
with the code representation ¢01222.. ..

3. Conclusions

In this paper, we compute some code sets of the added Sierpinski triangle by using the
intrinsic metric and depict them. As seen in these figures and computations, some code
sets are more understandable, while others can be more complex. Furthermore, a general
formula cannot be obtained, especially for circles and closed sets of S as the code sets. As
a result, one can obtain many different and interesting code sets of S in the light of the
present paper.
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